Mitochondrial DNA mutation and depletion increase the susceptibility of human cells to apoptosis.
Mitochondrial diseases, such as MELAS, MERRF, and CPEO syndromes, are associated with specific point mutations or large-scale deletions of mitochondrial DNA (mtDNA), which impair mitochondrial respiratory functions and result in decreased production of ATP in affected tissues. Recently, mitochondria have been recognized to act as key players in the regulation of cell death. To investigate whether a pathogenic mutation of mtDNA exerts any effect on the process of apoptosis of human cells, we constructed a series of cybrid human cells harboring different proportions of mtDNA with the A3243G or the A8344G transition, or with the 4,977-bp deletion, by cytoplasmic fusion of patients' skin fibroblasts with mtDNA-depleted rho(0) cells of an immortal human osteosarcoma cell line (143B). We observed that the decrease in cell viability upon staurosporine treatment or exposure to ultraviolet (UV) irradiation was more pronounced in the cybrids harboring high levels of mutated mtDNA compared with the control cybrids. Using DNA fragmentation analysis, we found that the cell death induced by treatment with 100 nM staurosporine or by exposure to UV irradiation at 20 J/m(2) was caused by apoptosis, not necrosis. Moreover, we demonstrated activation of caspase 3 by Western blot and enhanced release of cytochrome c after 100 nM staurosporine treatment or 20 J/m(2) UV irradiation of the cybrids harboring high levels of the three mtDNA mutations. Furthermore, as compared with parental osteosarcoma 143B cells, the rho(0) cells were found to be more susceptible to apoptosis, which was accompanied by caspase 3 activation and cytochrome c release. This indicates that mtDNA plays an important role in the regulation of apoptosis in human cells. Taken together, these findings suggest that mutation and depletion of mtDNA increase the susceptibility of human cells to apoptosis triggered by exogenous stimuli such as UV irradiation or staurosporine.